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There are more odors in heaven and earth, Horatio, than you can find listed in any standard work on the subject or in all the advertising and catalogues of the perfumery trade. The woods are full of odors, especially in dewy mornings of spring and in the moist twilight after sundown . The woods are also full of wild creatures with noses automatically tuned to catch odor meanings and ready to flee, or chase, or mate, or fight to the death as one or another may appraise the significance for him of the communication. The great major themes of life and death and love burden the airborne odor molecules, crisscrossing and tangling with one another as well as with many minor themes all in apparent anarchy until each sender's plea , or threat, or pleasant welcome finds an appropriate receptor, when order is restored, much as the confused babble of a telephone exchange becomes rational as calls are properly plugged in. (8edichek, 1960, pp. 131-132) Naturalists, such as Roy Bedichek, have long appreciated the significance of odors for the behavior of animals. Many biologists, and some psychologists, too, have generally appreciated it, though a general appreciation can be far from a scientific understanding. Though progress on the latter has accelerated dramatically in the last 40 years or so, for many years before-and to some extent even now-some scientists simply overlooked or discounted the importance of odor for their research and looked elsewhere for an understanding of animal behavior. Such neglect is understandable: At the conscious level, our human noses seem minimally attuned to odors wafting about us, we go to some lengths to mask them, and we tend not to put our noses in places most propitious for detecting them. Our everyday intuitions direct us elsewhere and may obscure our search for the real causes of behavior.
Though there is a vigorous debate about the importance and
Portions of these papers were presented in a symposium at the 1997 meetings of the Southwestern Comparative Psychology Association and Southwestern Psychological Association (Ludvigson, 1997 adaptive function of odor for humans (e.g. , Kohl, 1995; Kohl & Francoeur, 1995; Miller, 1996) , there is no doubt when it comes to our mammalian relatives, especially the rodents. Yet, most research with rodents has not exploited their olfactory sensitivitY,1 and experimenters have not routinely considered and adequately controlled the unobtrusive influence of odor on the data obtained-or so it seems. Too often olfaction appears to operate in the background, unmonitored but not necessarily uninfluential. Indeed, odor may be the most significant uncontrolled variable in animal behavioral studies. This assessment is admittedly more an apprehension than a surveyed evaluation. Precise knowledge of the situation is difficult. The massive undertaking needed to provide an accurate survey is tangential to the purpose of this work, and it has not been possible to date. Furthermore, the critical information needed to evaluate the role of odor in a study is often lacking from the description of the methods-which, of course, is circumstantial evidence of the neglect of odor. Still, the methodological implications for a century of animalbehavior research are of some magnitude. The present data obviously raise warning flags about odorous variables that might be quite extraneous to research questions under investigation. How mUCh-surely a considerable amount!-of past or current research is misleading or wrong because of the uncontrolled operation of an animal's own odorous emissions?
The neglect of odor variables may have occurred in part because the preponderance of research has concerned the behavior of individual animals, acting alone, as opposed to pairs or larger groups. One can easily be concerned about the probable influence of an odorous emission of one animal on the behavior of another when the animals have contact with each other, but fail to worry about an influence when they are apart. When odorous emissions have been of behavioral interest, they have usually been "social odors," odors that influence the behavior of conspecifics through a process generally termed "chemical communication." If animals are tested individually, odorous "communication" may go undetected even when occurring right under the experimenter's nose.
Another reason odorous effects may go unobserved and uncontrolled stems from a lingering static conception of the source and function of social odors. The potential role of recent and variable experience in the dynamics of both the emission and perception of odorous stimuli is still not well understood. Consider the kinds of mammalian social odors recognized about 20 years ago, summarized in 1979 by Richard Brown in Table 1 . The conception for many students of rodent behavior may not have dramatically changed.
Note, first, little role for experience in the generation of the emissions. The identifier odors are assumed to result from metabolic processes and to remain stable for long periods. Experiences of the 1with notable exceptions, for example, Slotnick & Katz (1974) animals, then, presumably have little role to play in the generation of such odors. This is not to say they play no role, but the impression conveyed is that endogenous causes are critical. Even the emotive odors are mostly the result of slow-acting factors that may have little to do with experience as ordinarily defined. Only the social-status and stress odors are clearly the result of experience and of the type considered in this work. Note, also, that the reactions of the animals to the social odors listed above could all be unlearned, which is to say, little influenced by experiences, at least experiences peculiar to the lives of particular animals rather than common to a large group of animals. 2 In contrast, at least some of the reactions to animal-generated odors discussed herein are significantly shaped by the experiences of the receiver with those odors.
As for our understanding the role of experience in the odorous lives of our animal brethren, either as a topic of interest in its own right or as an aid to building a model system for neural processing of experiential information (e.g., Granger & Lynch, 1989), we have made modest progress, but only that. Thirty years ago, some of us were surprised when we found that the laboratory rat evidently exudes or emits-one hardly knows how to talk about it-a particular odor varying with important episodes in its life, specifically, rewarding and nonrewarding experiences it receives or anticipates receiving (cf. articles in Section 1, 2The distinction between peculiar or unique versus common experiences refers to the rather arbitrary and not-very-useful distinction between "learned" and "instinctive" behaviors, respectively, elucidated by Hebb (1972) and others. this issue; see also Cattarelli , Vernet-Maury, & Chanel, 1972 , 1974 3 ). We soon learned such emissions are not limited to situations involving appetitive rewards, as distinctive scents were shown to arise from stressed rats (e.g., Valenta & Rigby, 1968; see also Cattarelli et aI., 1972 see also Cattarelli et aI., , 1974 Mackay-Sim & Laing, 1980) and illness and signals of impending illness (ct. Batsell, this issue). In 1974, we learned that emissions in appetitive situations are sensitive to certain particulars of the episode. For example, the odorous "signal" is either not well received or it bears the wrong "message" if the sender and receiver experience different rewards and/or are under different motivations at the time (cf. Davis, Kring, & Richardson , this issue; Ludvigson & Duell, this issue). We also know something about the role of odor from an aggressive or dominant conspecific or a predator on behavioral and physiological reactions and how that role varies critically with prior experience (cf. Williams, this issue). Of course, we know all of this only because the animal tells us about it, that is, responds to these animal-generated emissions in consistent ways. Both the sender of the odorous stimulus and the receiver of the stimulus are animals, giving us a social system or, at least, a potential one, and perhaps even a crude "language."
Finally, all of the social odors listed in Table 1 arise from some state of the organism, of course. Indeed, their labels suggest just that, and in so doing they may also suggest odors provide information about only such states. Although such a conclusion may be accurate for most of the odors listed in the table, some of the data considered below cause us to ask whether odors could provide information about something other than, or in addition to, the state of the animal releasing them. For example, one variant of this question, considered in some papers below,
Hypothesized Cascade of Events
Leading to Episodic Odors
S -+ representation-of-S -+ state-of-animal -+ Beh. Figure 1 . Hypothesized sequence of events leading to behavior and episodic odors, with the odors arising in association with a hypothesized "state," such as an emotive state, or possibly the representation of the stimulus, S, giving rise to the state . 3Their operation of frustration may sometimes involve fear or conflict: Cues previously associated with electric shock are presented that deter the animal from obtaining reward , thus frustrating it (personal communication) .
~ Odorous Emission
is whether the emissions of an animal receiving frustrative nonreward are just metabolic accompaniments of an emotion of frustration or actual "signals" marking the occurrence of "the absence of food." Such a question, of course, is tantamount to asking whether odorous emissions constitute a kind of "language" in which emission of a particular "odor symbol" is sensitive to the particulars of stimulation affecting the symbolgenerator. If so, we might speak of transmission of information about the stimulation; and we might consider odors to be "symbols" or "representations" of stimulations-at least some odors under some conditions. Another way to ask this is, what "meaning" do the emissions have for the animals? The distinction intended is conveyed in Figure 1 .
Scope and Purpose of this Special Issue
The present special issue concerns particular odors emanating from rodents, mostly laboratory rats, or their predators, and having a behavioral impact on rats detecting or emitting the odors. The odors considered and the primary investigators discussing them fall into two sets, dividing the papers conveniently into two sections. The first set (Ludvigson, Davis, Duell, Taylor, and Batsell, in order of first involvement in this research area) consider odors generated as a consequence of experiences of frustration, reward, and illness, whereas certain stress odors from conspecifics and predators are the domain of the second (Williams). Our overriding intent was to provide what has not been available before, namely, a comprehensive account of odor research emanating from the authors' laboratories, along with closely related work. This is not an exhaustive review of even the literature concerning these particular odors. We know of worthy investigations we could not discuss or gave but scant attention because of space constraints, and no doubt there are others. Discussion of many related studies including some of those reviewed here occurred in early general reviews (e.g., Cheal & Sprott, 1971; Reynierse, 1974; Schultz & Tapp, 1973) . More recently Davis and Ludvigson (1995) presented a rather brief overview of some of the work discussed in Section 1. However, the present issue is the most comprehensive review to date.
Though the term "pheromone" has historically been applied to endogenous odors having a behavioral or physiological impact on con specifics, as in the present studies, it is avoided here because of its lingering restrictive connotations. Pheromones originally were conceptualized as simple chemical compounds, emitted in stereotypical fashion to a simple releasing stimulus, and having stereotypical (instinctive) effects on the receiver. As knowledge of even the simpler animals becomes clearer, such a conceptualization becomes less useful, and it has never been of much use for animals as complex as rodents. Certainly the connotation of stereotypical reaction to the odors discussed herein is inappropriate, for much flexibility is exhibited. Most of the data in both sections, below, attest to the importance of experience in shaping the reactions of rats to the endogenous odors. Furthermore, though no doubt particular stimulations are involved, there need be no simple (external) releasing stimulus; rather, at least for the odors discussed in Section 1 prior experience of a particular kind sets the stage for the odorous emission. In addition, we have little reason to believe we are dealing with simple chemical compounds.
As the concept of a pheromone changes, the term may regain its usefulness, but at least at present, other monikers are needed. "Social odors" is useful, particularly for the odors discussed in Section 2. However, it fails to implicate the role of experience in generating some of the odors, particularly those discussed in Section 1. "Experiential odors" might serve for these particular odors, but for the ease with which the eye mistakenly sees "experimental." "Episodic odors" is what seems appropriate, especially when discussing odors emitted as a consequence of particular experiences. Episodes are experiences, referring to events, circumstances, happenings, incidents, and the like, some of which cause rats to emit odors. Moreover, the term connotes ambling, wandering, or meandering, perhaps in a changing environment, which suggest how odors might be encountered in the lives of animals. The term thus suggests both events leading to particular emissions and events surrounding the detection of animal odors.
A distinction among types of animal odors involved in a recipient's episode is thus suggested, centering on whether the animal odor itself results from a transient episode experienced by the donor or is more permanently emitted by the donor. The animal odor may be a critical component of the recipient's episode yet not be the stimulus that lends distinction to the episode. The distinctive element might be another odor or another stimulus or cascade of stimulations. Thus, for example, Galef and associates have shown, and Galef has argued (e.g., see Galef, 1996) , that olfactory cues from a donor rat, which arise when that rat consumes a particular diet, can cause another "observer" rat having commerce with the donor to select the donor's diet over an alternative. Odors emanating from the donor are necessary for the dietary influence, though the component endogenous to the rat is not the component identifying any particular diet. The diet-identifying odor is simply an odor from the food itself conveyed via the donor. The two odors, then, evidently comprise a compound generating an experiential episode for the observer, of which it makes remarkable use. However, if the donor's emission, which is part of the observer's episode, is not itself dependent on the donor's episode, but is instead a fairly stable "contextual" odor emanating from the donor, such an emission is conceptually quite different from, and not nearly as remarkable as, what seems to be involved in the phenomena discussed in Section 1, below. The extent to which the odors discussed in Section 2 are episodic or contextual, in this sense, is an open question, though they appear to be contextual. In this case, what lends distinction to the recipient's episode is not a non-rat odor, as with the Galef data, but the reinforcing event: attack or threat of attack.
Problems and Questions
As suggested above, something has been learned about mammalian odors in recent years, but much is unknown, and much needs clarification, confirmation, and extension. For example, given that rats emit interesting substances upon receipt of certain reinforcers, just how many different odors are actually emitted, and under what precise conditions? How similar are such emissions among different animals, sexes, or species? How do rats react to the emissions-questions pertinent to the function of the odors? In general, what roles, if any, do these odors play in the lives of rodents, and how do they relate to adaptation? Do rats have a complex signaling system, a crude "language" of odors, and if so, what is the nature of that system, and how might it have evolved?
Other questions arise, bearing on many disciplines. What are the bodily mechanisms generating the odors, whether of the episodic or contextual type? What chemical compounds characterize the odors? Can some of the odors be usefully used as emotion markers? But more subtle questions quickly arise. For example, do animals emit the episodic odors as "unlearned" reactions, instrumental acts, or Pav lovian conditioned responses? We have only begun to ask the questions, let alone provide adequate answers.
The methodological problems of studying and managing odorous emissions are numerous and often vexing: How to get a rat to tell us what it smells or how much it smells? How to be sure an odor is either absent or undetectable, if we experimenters have no way to detect it other than via the rat's detection? How can we be sure the emission is not the mere accompaniment of something "trivial," such as the amount of time spent in one place or the amount of movement engendered in the subject? Consequently, the research techniques, designs, and findings discussed herein are often complicated and not always easily understood when presented in a restrictive style. Thus, we hope the somewhat more expansive treatment permitted here will prove useful.
Answers to some of these questions raised require insights, techniques, and theory from the larger field of animal learning and behavior. Thus, a study of animal odorous emissions is illuminated by the general study of animal behavior. For example, Williams (this issue) relates odors to stress, learned helplessness, and an endogenous opiate system, among other things. Reciprocating, findings regarding odorous emissions bear importantly on other data of animal behavior, especially instrumental behavior, sometimes in subtle ways. For example, findings regarding the locus of odor emissions in a response chain leading to a goal bear on frustration theory (cf. Ludvigson 's introduction to Section 1, this issue), as do data suggesting differential odorous reactions to nonreward as a function of differential expectations (Collerain & Ludvigson, 1977) .
Beyond specific implications for animal behavior, the research stories themselves are interesting and illustrative for the history of science. The work of Section 1 began with an accidental observation permitted by a design compromised by a desire to lessen the burden on experimenters; it led to hitherto unknown phenomena and a whole domain of research. As a consequence, hypotheses initially intuitively improbable have become humdrum, and a simple, almost trivial, phenomenon in a single macrosmatic species has become a fount of questions touching many venerable psychological problems. Similarly, the work of Section 2 began with "scientific frustration" over equivocal results from research on learned helplessness, and it has led to a host of ecologically interesting suggestions about the social world of macrosmatic species. The data discussed here turn out to be some of the most interesting we have from the world of animals.
